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A chromaticity meter measures chromaticity of light 
output for each of picture elements selected. Calculated 
from the measurement is corrective data on each of 
RGB colors, which in turn used to calculate corrective 
data on each of RGB at unselected picture elements. In 
this method, original video signals for each of RGB 
colors will be correctively modulated based on the thus 
obtained corrective data. A projected image displaying 
apparatus is constructed such that adjustment of chro- 
maticity as to white as well as to black from the mea- 
surement by the chromaticity meter of chromaticity 
throughout the entire image, is carried out uniformly 
and reliably by automatic control using a microcom- 
puter so as to determine optimal condition for correc- 
tively modulating the original video signal. This appara- 
tus further includes means for storing the thus obtained 
optimal condition in a non-volatile memory. 

6 Claims, 17 Drawing Sheets 
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which are in turn sent out to y -correcting circuits 55r, 

PROJECTED IMAGE DISPLAYING APPARATUS SSg and 55b. 

AND A METHOD OF CORRECTING COLOR The y-correctmg circuits 55r, SSg and 55* are to 

UNEVENNESS THEREIN perform y -correction for making compensation for 

5 voltage-transmittance characteristic of liquid crystal, 

BACKGROUND OF THE INVENTION and subject the inputted respective digital video signals 

(1) Field of the Invention S1R » S1G 311(1 S1B to 7*«orrection to output digital 
The present invention relates to a projected image SyR, SyG and SyB to analog converting 

displaying apparatus using a plurality of display de- circuits 56/-, 56g and 566, respectively, 
vices, and further the present invention relates to a 10 The analog converting circuits 56r, 56g and 566 can- 
method of correcting color unevenness in a projected vert ^ ^putted digital video signals SyR, SyG and 
image displaying apparatus wherein color unevenness S 7 B mto values > respectively. The thus formed 
over the entire display image can be corrected, and to a analog values are sent out as video signal SR, SG and 
display apparatus capable of automatically effecting SB to a liquid crystal display device/optical converting 
chromaticity adjustment that is to be performed at a section 57. 

production stage, etc. ^ Qe liquid crystal display device/optical converting 

(2) Description of the Prior Art section 57, based on the inputted video signal SR, SG 
In projected image displaying apparatuses using a ^d SB, reproduces an image and emits light output 

plurality of display devices, it is required to strictly 2Q RAY. 

control characteristics of display elements in order to A chromaticity meter receives the light output RAY 

establish uniformity of chromaticity throughout the emitted as an image from the liquid crystal display 

entire display image, but the chromaticity throughout device/optical converting section 57, and measures the 

the projected image varies position to position depend- chromaticity thereof to indicate the measurement, 

ing upon color rendering properties of a light source 25 Here, for convenience of description, liquid crystal 

used, a color separation/composition system used for display device used is assumed to be of a normally white 

the light source and transmittance distribution of the type, more explicitly, the liquid crystal display device is 

display elements and other factors. Therefore it very assumed to lower its transmittance as the voltage ap- 

difficult in a technological view point to establish such plied increases. Further assumption is that the device is 

a strict control in a projected image display apparatus. 30 driven by an alternating voltage which has a center 

There is a method called "white-balance adjusting voltage of ground level and inverts its polarity for every 

method" in which a video signal is composed of red, horizontal line. 

blue and green component video signals (which will Next, description will be made of converting proce- 
hereinafter be referred to as R-signal, G-signal and B- dures of signal waveforms in the analog converting 
signal, respectively), and amplitude of each component 35 circuits 56r, S6g and 56b. FIG. 2 is a circuit diagram of 
is variable so as to effect gain-control, whereby chroma- the analog converting circuit 56. There are three analog 
ticity can be adjusted roughly throughout the entire converting circuits 56 on the diagram shown in FIG. 1, 
image. namely, analog converting circuit 56r for processing the 
Japanese Patent Application Laid-Open Sho 63 R-signal, analog converting circuit 56g for processing 
No.37,785 discloses a method of correcting unevenness 40 the G-signal and analog converting circuit 56b for pro- 
of luminance and chromaticity arising in a case where cessing the B-signal. Here, FIGS. 3A through 3F are 
an image screen is formed by arranging a plurality of diagrams showing waveforms of video signals for dif- 
liquid crystal display panels. This method comprises the ferent points in 56. 

steps of: measuring each liquid crystal display panel in As shown in FIG. 3B, a control signal S6 has a wave- 
its real mounted state on light intensity; generating data 45 ^rra taking a peak value, or voltage H for 'High' level 
on uniformity ratio of illuminance for each liquid crys- and taking another peak value, or voltage L for 'Low* 
tal display panel on the basis of the obtained light inten- level, and alternating between 'High' level and 'Low 1 
sity so as to store the generated data in the memory; and level, periodically. This signal is inputted into a logical 
executing a calculative operation based on the stored circuit 62, switches SW1, SW2 and SW3, and serves as 
data and projected image data on each liquid crystal 50 a synchronizing signal. 

display panel so as to display a uniform projected im- When the control signal S6 is at 'High* level in 

age. switches SW1, SW2 and SW3, all terminals V are si- 

Now, a conventional chromaticity adjusting method multaneously connected with respective terminals 'b' 

will be explained with reference to FIG. 1, which is a and are simultaneously disconnected with respective 

block diagram showing a circuit for generating video 55 terminals *a\ On the other hand, when the control signal 

signals to be provided for a typical liquid crystal display S6 is at 'Low* level, all terminals V are simultaneously 

device. In this figure, y -correcting circuits 55r, SSg and connected with respective terminals *a' and are simulta- 

556 are constructed identically, and analog converting neously disconnected with respective terminals T>\ 

circuits 56r, S6g and 56b are also constructed all identi- In the switch SW1, the terminal 'a 1 is applied with a 
cally like an analog converting circuit 56 shown in FIG. 60 full-scale voltage V5 that is adjusted by a variable resis- 

2. tance Rl whereas the terminal V is grounded. As previ- 

A video signal SI having an analog value is inputted ously described, the terminals 'a* and *b* are alternately 

to a projected image processing section 54 in which the connected with the terminal V following the control 

inputted data is separated into R-signal, G-signal and signal S6 inputted to a terminal 'd\ With the alternating 
B-signal. The thus separated signals pass through A/D 65 connection, the terminal 'c* generates a pulse having a 

converting circuits 54V, 54'g and 54'b respectively in peak value equal to the full-scale voltage VFS and 

the projected image processing section 54 to be formed launches the pulse as a signal Sll to a negative (— )ter- 

into quantized digital video signals SIR, S1G and SIB, minal of an amplifier AMP1. The signal Sll inputted to 
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the (— )tcnninaJ of the amplifier AMP1 is therein multi- 
plied by (— 1) to output a waveform shown in FIG. 3D. 

In the switch SW2, the terminal 'a* is applied with an 
offset voltage VOF that is adjusted by a variable resis- 
tance R2 whereas the terminal V is grounded. As previ- 
ously described, the terminals V and *b' are alternately 
connected with the terminal *c' following the control 
signal S6 inputted to a terminal 'd'. With the alternating 
connection, the terminal 'c* generates a pulse having a 
peak value equal to the offset voltage VOF and 
launches the pulse as a signal S16 to a positive (-^termi- 
nal of an amplifier AMP3. In the switch SW3 f the termi- 
nal 'b* is applied with an offset voltage VOF that is 
adjusted by a variable resistance R2 whereas the termi- 
nal V is grounded. As previously described, the termi- 
nals 'a' and V are alternately connected with the termi- 
nal 'c' following the control signal S6 inputted to a 
terminal *d\ With the alternating connection, the termi- 
nal V generates a pulse having a peak value equal to the 
offset voltage VOF and launches the pulse as a signal 20 
S17 to a negative (— )terminal of the amplifier AMP3. 
Accordingly, these signals S16 and S17 synchronize 
with each other, but are logically inverted one another, 
or more specifically, when the signal S16 stays at 'High* 
level, the signal S17 is at 'Low* level. 25 

The AMP3 subtracts the signal S17 inputted into the 
(— )terminal from the signal S16 inputted into the 
(+)terminal, and outputs the resultant signal S13 to a 
(— )tenninal of an amplifier AMP2. 

A digital video signal S8 corresponds to any one of 30 
the digital video signals SyR, SyG and SyB that have 
been quantized by and outputted from y-correcting 
circuit 55 r, 55g and 556. By the way, the y-correcting 
circuit 55 r, SSg and 55b execute conversion of ah input- 
ted signal to form an output in accordance with a char- 
acteristic curve shown in FIG. 4C, therefore, the digital 
video signal S8 is supplied to a logical circuit 62 as 
having a waveform taking a certain constant voltage 
VP shown in FIG. 3A as a peak value. 

The logical circuit 62 also receives a signal S6 alter- 40 
nately reversing at intervals of one horizontal period as 
having a waveform shown in FIG. 3B, and effects a 
logical operation between the signal S6 and the digital 
video signal S8, whereby the digital video signal SS is 
converted into digital video signal data series DO, Dl, 45 
D2, (where the digital video signal S8 is digitized to 
indicate waveform constituents as it is and as inverted 
alternately every one horizontal period) as shown in 
FIG. 3AA to be outputted to a D/A converter 59. 

The D/A converter 59 receives at its referential volt- 
age input terminal VREF an input of full-scale voltage 
VFS that has been adjusted by means of the variable 
resistance Rl, and based on the input, converts the 
inputted video signal data series DO, Dl, D2, . . . into a 
corresponding analog signal, so as to form a video sig- 
nal S9 having a waveform with the full-scale voltage 
VFS as a peak value as shown in FIG. 3C. The thus 
generated signal S9 is outputted from an output terminal 
VOUT to a (-h)terminal of the amplifier AMP1. 

The amplifier AMP1 subtracts the signal Sll from 60 
the signal S9, and the resultant is outputted as a signal 
S12 to a (+)terminal of the amplifier AMP2. The signal 
S9 has a waveform shown in FIG. 3C and the signal Sll 
multiplied by (—1) takes a waveform shown in FIG. 
3D. Accordingly, the signal S12 will have a waveform 
shown in FIG. 3CC formed by the sum of the wave- 
form shown in FIG. 3C and the waveform shown in 
FIG. 3D. 



35 



50 



55 



65 



The amplifier AMP2 subtracts the signal S13 from 
the signal S12, and the resultant is outputted as a video 
signal S14 to the liquid crystal display device/optical 
converting section 57. This video signal S14 corre- 
sponds to any one of the video signals SR, SG and SB. 
The signal S12 has a waveform shown in FIG. 3CC, 
and the signal S13 multiplied by (— 1) takes a waveform 
shown in FIG. 3E. Therefore, the signal S14 will have 
a waveform shown in FIG. 3F formed by the sum of the 
waveform shown in FIG. 3E and the waveform shown 
in FIG. 3E. 

As mentioned above, it is difficult for the conven- 
tional white-balance adjustment to inhibit the color 
unevenness in the image occurring due to the dispersion 
of individual device elements on the display image. On 
the other hand, the object of Japanese Patent Applica- 
tion Laid-Open Sho 63 No.37,785 cited above is to make 
correction between liquid crystal display panels ar- 
ranged, therefore no irregularity or unevenness within 
the image cannot be corrected. 

Besides, in accordance with the configuration shown 
in FIG. 1, a display apparatus is constructed by three 
liquid crystal display devices for red, green and blue 
(which will hereinafter be referred to as R, G and B, 
respectively, and the three color, red, green and blue 
will be referred to as RGB.) having three respective 
circuits one for each. Therefore, these circuits are to 
involve dispersion in their circuit constants, and the 
three liquid crystal display devices must also have dis- 
persion in voltage-transmittance characteristics. Such 
dispersion causes disadvantageous effects such as color- 
ing an area that should be displayed in achromatic color 
like black and white. This disadvantage necessitates 
individual adjustment of the offset voltage VOF and the 
full-scale voltage VFS for each circuit. 

In the prior art, this adjustment required the follow- 
ing procedures. Initially, data-input is made of a prede- 
termined projected image such as, for example, a blank 
pattern for making pure white display on an entire 
image screen. Then, while the projected output gener- 
ated by the optical conversion from the read data image 
should be measured using a chromaticity meter 58, the 
amplitude of the signals provided for the liquid crystal 
devices and the bias, more clearly, the full-scale voltage 
VFS and the offset voltage VOF for each device should 
be controlled by varying the variable resistance Rl for 
governing the full-scale voltage VFS and the resistance 
of the variable resistor R2 for governing the offset volt- 
age VOF for each color block, so as to adjust the color- 
balance such as black and white. 

However, this procedure requires an extremely fine 
adjustment and to make matters worse, it is very diffi- 
cult to distinguish what resistors of which color block 
should be adjusted in what degree from the observed 
deviation of chromaticity. Therefore this method re- 
quired even a skilled operator to take a very long time 
for the adjustment, posing a difficulty in production. 

SUMMARY OF THE INVENTION 

The present invention is to eliminate the above prob- 
lems and it is therefore an object of the present inven- 
tion to provide a projected image displaying apparatus 
wherein irregularity and unevenness on an image screen 
is eliminated by making correction in accordance with 
the chromaticity distribution on the image screen and 
provide a correcting method for the apparatus. 
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Another object of the present invention is to provide 
a displaying apparatus capable of automatically con- 
ducting chromaticity adjustment and a system therefor. 

In order to achieve the above objects, the present 
invention is configurated as follows. S 

First of all, a projected image displaying apparatus of 
the present invention for forming images by projecting 
on a screen three kinds of lights corresponding to the 
primary color components of video signals, comprises: 

chromaticity measuring means for measuring chro- 10 
maticity at arbitrary coordinate points on the screen; 

first operating means for calculating first corrective 
data on each of the primary color components uniquely 
from the chromaticity at the coordinate points mea- 
sured by the chromaticity measuring means; 15 

memory means for storing the first corrective data in 
association with the coordinates of the points at which 
chromaticity has been measured; 

second operating means reading out the first correc- 
tive data in association with a plurality of coordinate 20 
points from the memory means and calculating, based 
on the read-out first corrective data, second corrective 
data used for correctively modulating video signals to 
be applied to display elements emitting three primary 
color components in order to form picture elements at 25 
which no measurement of chromaticity was made; and 

correctively modulating means, preparing video cor- 
recting signals for three primary color components 
based on the first and second corrective data calculated 
by the first and second operating means and modulating 30 
original video signals with the prepared video correct- 
ing signals. 

In accordance with the present invention, a method 
for correcting color unevenness in a projected image 
displaying apparatus for forming images by projecting 35 
on a screen three kinds of lights corresponding to the 
primary color components of video signals, includes the 
steps of: 

measuring chromaticity at arbitrary coordinate points 
on the screen (first step); 40 

calculating first corrective data on each of the pri- 
mary color components uniquely from the chromaticity 
at the coordinate points measured in the first step (sec- 
ond step); 

storing the first corrective data into memory means in 45 
association with the coordinates of the points at which 
chromaticity has been measured (third step); 

reading out the first corrective data in association 
with a plurality of coordinate points from the memory 
means and calculating, based on the read-out first cor- 50 
rective data, second corrective data used for correc- 
tively modulating video signals to be applied to display 
elements emitting three primary color components in 
order to form picture elements at which no measure- 
ment of chromaticity was made (fourth step); and 55 

preparing video correcting signals for three primary 
color components based on the first and second correc- 
tive data calculated in the second and fourth steps and 
modulating original video signals by the prepared video 
correcting signals (fifth step). 60 

In accordance with another aspect of the present 
invention, a projected image displaying apparatus fur- 
ther includes: 

voltage varying means capable of separately chang- 
ing the amplitude voltages and bias voltages of video 65 
signals outputted to the display elements; 

controlling means outputting control information for 
controlling the voltage varying means; and 
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memory means storing the control information out- 
putted from the controlling means. 

Further aspect of the present invention lies in that a 
projected image displaying apparatus, includes: 

a projected image displaying unit comprising: 

voltage varying means capable of separately chang- 
ing the amplitude voltages and bias voltages of 
video signals outputted to display elements; 

first controlling means outputting first control infor- 
mation for controlling the voltage varying means; 
and 

memory means storing the first control information 

outputted from the first controlling means, and 
a chromaticity adjusting system comprising: 
chromaticity measuring means for measuring chro- 
maticity of light output emitted by the projected 
image displaying unit; and 
second controlling means outputting second control- 
ling signals instructing the first controlling means 
to output first control information for controlling 
the voltage varying means, based on the measure- 
ment of chromaticity outputted from the chroma- 
ticity measuring means. 
In the thus constructed projected image displaying 
apparatus in accordance with the present invention, the 
first operating means calculates corrective data on each 
of the primary color components uniquely from the 
chromaticity at any coordinate points on the screen 
measured by the chromaticity measuring means. There- 
after, the thus calculated corrective data can be stored 
in the memory means in association with the coordi- 
nates of the points at which chromaticity has been mea- 
sured. Therefore, it is possible to read out the corrective 
data repeatedly for reference or utilizing it for calculat- 
ive operation. 

The second operating means can calculate, based on 
the read-out first corrective data in association with a 
plurality of coordinate points from the memory means, 
second corrective data used for correctively modulat- 
ing video signals to be applied to display elements emit- 
ting three primary color components in order to form 
picture elements at which no measurement of chroma- 
ticity was made. 

The first and second corrective data calculated by the 
first and second operating means are constructed so that 
when a projected image is reproduced on the screen 
based on these data, both the first and second corrective 
data will not cause any color irregularity or unevenness 
one another. Therefore, it is possible to obtain projected 
images free from color unevenness by allowing the 
correctively modulating means to prepare video cor- 
recting signals for three primary color components 
from the total corrective data and modulate each of 
original video signals corresponding to respective three 
primary colors based on the prepared video correcting 
signals. 

In accordance with a method for correcting color 
unevenness in a projected image displaying apparatus of 
the present invention, the first corrective data on each 
of the primary color components is calculated at second 
step uniquely from the chromaticity at arbitrary coordi- 
nate points measured at the first step. Thereafter, at 
fourth step, based on the first corrective data in associa- 
tion with a plurality of coordinate points calculated in 
the second step, calculation can be executed of the sec- 
ond corrective data used for correctively modulating 
video signals to be applied to display elements emitting 
three primary color components in order to form pic- 
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ture elements at which no measurement of chromaticity 
was made. 

Hie first and second corrective data calculated in the 
second and fourth steps are constructed so that when a 
projected image is reproduced on the screen based on 
these data, both the first and second corrective data will 
not cause any color irregularity or unevenness one an- 
other. Therefore, it is possible to obtain projected im- 
ages free from color unevenness at fifth step by prepar- 
ing video correcting signals for three primary color 
components from the total corrective data and then 
modulating each of original video signals correspond- 
ing to respective three primary colors based on the 
prepared video correcting signals. 

Further, in the projected image displaying apparatus 
of the present invention, the voltage varying means is 
capable of separately changing the amplitude voltages 
and bias voltages of video signals outputted by display 
elements. In addition, the controlling means may output 
control information for controlling the voltage varying 
means so as to allow the display elements to change the 
output amplitude voltage and bias voltage following 
proper procedures, to thereby obtain projected images 
having optimal chromaticity. Moreover, by virtue of 
the memory means,, it is possible to keep the control 
information as non-volatile memory that allows the 
reproduction of the projected images having the opti- 
mal chromaticity. 



10 



15 



20 



25 



FIG. 3C is a waveform diagram showing a projected 
image signal generated by the conversion in an analog 
converting circuit shown in FIG. 2; 

FIG. 3D is a waveform diagram showing a projected 
image signal generated by the conversion in an analog 
converting circuit shown in FIG. 2; 

FIG. 3CC is a waveform diagram showing a pro- 
jected image signal generated by the conversion in an 
analog converting circuit shown in FIG. 2; 

FIG. 3E is a waveform diagram showing a projected 
image signal generated by the conversion in an analog 
converting circuit shown in FIG. 2; 

FIG. 3F is a waveform diagram showing a projected 
image signal generated by the conversion in an analog 
converting circuit shown in FIG. 2; 

FIG. 4 A is a chart showing a relation between input 
and output in a logical circuit; 

FIG. 4B is a chart showing a relation between input 
and output in a logical circuit; 

FIG. 4C is a chart showing a relation between input 
and output in a logical circuit; 

FIG. 5 is a diagram showing positions of chromatic- 
ity measuring points on a liquid crystal display screen as 
an embodied example of the present invention. 

FIG. 6 is an illustrative view showing a positional 
relation of the optical arrangement in an embodiment of 
the present invention; 

FIG. 7 is a perspective view showing the structure of 



The operation of the chromaticity adjusting system in ^ a liquid crystal projected image displaying device used 



the projected image displaying apparatus of the present 
invention can be descried as follows. 

Initially, in the projected image displaying apparatus, 
the voltage varying means is capable of separately 
changing the amplitude voltages and bias voltages of 35 
video signals outputted by display elements. In addition, 
the first controlling means may output first control 
information for controlling the voltage varying means 
so as to allow the display elements to change the output 
amplitude voltage and bias voltage following proper 4Q 
procedures, to thereby obtain projected images having 
optimal chromaticity. Moreover, by virtue of the mem- 
ory means, it is possible to keep the control information 
as non-volatile memory that allows the reproduction of 



for the means shown in FIG. 6; 

FIG. 8 is a circuit block diagram used in an embodi- 
ment of the present invention; 

FIG. 9 is a diagram showing a positional relation on 
a liquid crystal display screen used in an embodiment of 
the present invention, and the relation between points at 
which chromaticity has been measured and points for 
which corrective data is calculated by the linear inter- 
polation; 

FIG. 10 is circuit block diagram showing for organiz- 
ing another embodiment of the present invention; 

FIG. 11 is a circuitry diagram of an analog convert- 
ing circuit for used in the circuit shown in FIG. 10; 

FIG. 12A is an illustrative view showing one relation 



the projected images having the optimal chromaticity. 45 of optical arrangement in the embodiment shown in 



Based on the measurement by the chromaticity mea 
suring means on the chromaticity of light output from 
the projected image displaying apparatus, the second 
control means may output, second controlling informa- 
tion to the first controlling means so as to instruct the so 
first controlling means to output the first controlling 
information for controlling the voltage varying means. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 10; 

FIG. 12B is an illustrative view showing another 
relation of optical arrangement in the embodiment 
shown in FIG. 10; 

FIG. 13A is a waveform diagram showing a video 
signal used when chromaticity adjustment for "white" 
is conducted in the embodiment shown in FIG. 10; 

FIG. 13C is a waveform diagram showing a video 
signal used when chromaticity adjustment for "white" 
FIG. 1 is a block diagram showing a circuit for gener- 55 is conducted in the embodiment shown in FIG. 10; 



ating video signals provided for a conventional liquid 
crystal display device; 

FIG. 2 is a circuit diagram showing an analog con- 
verting circuit shown in FIG. 1; 

FIG. 3A is a waveform diagram showing a projected 60 
image signal generated by the conversion in an analog 
converting circuit shown in FIG. 2; 

FIG. 3B is a waveform diagram showing a projected 
image signal generated by the conversion in an analog 
converting circuit shown in FIG. 2; 65 

FIG. 3AA is a waveform diagram showing a pro- 
jected image signal generated by the conversion in an 
analog converting circuit shown in FIG. 2; 



FIG. 13F is a waveform diagram showing a video 
signal used when chromaticity adjustment for "white" 
is conducted in the embodiment shown in FIG. 10; 

FIG. 13B is a waveform diagram showing a video 
signal used when chromaticity adjustment for "white" 
is conducted in the embodiment shown in FIG. 10; 

FIG. 14 is a chart showing an applied voltage-trans- 
mittance characteristic curve in a liquid crystal display 
device; 

FIG. 15 is a descriptive view of controlling proce- 
dures shown on the chromaticity chart when chroma- 
ticity adjustment for "white" is conducted in the em- 
bodiment shown in FIG. 10; 
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FIG. 16A is a table showing controlling procedures 
to be preset and corresponding colors to be controlled 
for respective regions on the chromaticity chart when 
the chromaticity for "white" is to be adjusted in the 
embodiment shown in FIG. 10; 

FIG. 16B is a table showing controlling procedures 
to be preset and corresponding colors to be controlled 
for respective regions on the chromaticity chart when 
the chromaticity for "black" is to be adjusted in the 
embodiment shown in FIG. 10; 

FIG. 17A is a waveform diagram showing a video 
signal used when chromaticity adjustment for "black" is 
conducted in the embodiment shown in FIG. 10; 

FIG. 17C is a waveform diagram showing a video 
signal used when chromaticity adjustment for "black" is 
conducted in the embodiment shown in FIG. 10; 

FIG. 17F is a waveform diagram showing a video 
signal used when chromaticity adjustment for "black" is 
conducted in the embodiment shown in FIG. 10; 

FIG. 17B is a waveform diagram showing a video 
signal used when chromaticity adjustment for "black" is 
conducted in the embodiment shown in FIG. 10; and 

FIG. 18 is a descriptive view of controlling proce- 
dures shown on the chromaticity chart when chroma- 
ticity adjustment for "black" is conducted in the em- 25 
bodiment shown in FIG. 10. . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Initially, FIG. 5 shows an example of chromaticity 30 
measuring points on a liquid crystal display screen 
shown as an example of an embodiment of the present 
invention, and FIG. 6 is an illustrative view showing a 
positional relation of component used in the measure- 
ment In this measurement, it is preferable to perform 35 
correction of dispersion of chromaticity in the liquid 
crystal display device under a circumstance allowing as 
great a transmittance of liquid crystal as possible. 
Therefore, the following operation of correction for 
chromaticity is to be made using a 'white* projected 40 
image for measuring light output in order to determine 
chromaticity distribution on the display image screen. 

Designated at 33 in FIG. 6 is an elemental array of a 
liquid crystal projected image displaying apparatus in 
accordance with an embodiment of the present inven- 45 
tion, and this elemental array 33 has a structure as 
shown in FIG. 7. The structure shown in FIG. 7 in- 
cludes color filters 40, liquid crystal 42, diodes 44, pixel 
electrodes 45, a pair of polarizing plates 47 and 50, and 
a pair of glass substrate 48 and 49. Here, reference nu- 50 
mentis 43 and 46 denote white light rays emitted from a 
light source 32 and a scan line, respectively. As well 
known, one element is disposed in an area where one 
pixel electrode 45 occupies, and serves to present one 
color of three primary colors RGB. Three RGB color 55 
light beams emitted from three different elements each 
presenting one of RGB colors converge on a screen 1 to 
be recognized as one picture element. The brightness of 
each of RGB colors is controlled by varying the voltage 



beam sets are formed such that each light beam set has 
RGB light components and is adjusted in light intensity 
to produce one picture element The thus formed light 
beam sets containing RGB components are focalized on 
the screen 1 through the optical system 34 to form an 
image thereon. The thus formed image is observed by 
an user from an observing direction 35. 

Unillustrated sensor portions of a chromaticity meter 
36 locate at positions wherein picture elements on the 
screen 1 are to be measured on chromaticity. The chro- 
maticity meter 36 measures chromaticity of the picture 
elements to be measured and outputs the data of the 
chromaticity measurement for each picture element to a . 
liquid crystal projected image display elemental array 
controlling section 37 through a chromaticity data sig- 
nal path 38. It should be noted that the chromaticity 
data signaTpath 38 can be formed of not only a wired 
means but also of a wireless means using such as infra- 
red carrier wave signals, etc. 

Referring next to FIG. 5, a light beam set composed 
of RGB light components having passed through the 
liquid crystal projected image displaying elemental 
array 33 is projected on the screen 1 so as to form a 
picture element a2 presenting a certain color specified 
by the video signal. A number of such picture elements 
a2 are arranged closely in both horizontal and vertical 
directions to form an image. Thus, the user recognizes 
composition of picture elements a2 arranged on the 
screen 1 as an image. In this image-forming, the liquid 
crystal projected image displaying elemental array 33 
creating a projected image of picture elements a2 plays 
a major role but, it is impossible to manufacture a liquid 
crystal projected image displaying elemental array 33 
which is completely free from variation of output light 
intensity in all the pixels. In other words, each pixel of 
the liquid crystal projected image displaying elemental 
array 33 inevitably differs more or less in output light 
intensity from the other part thereof, this variation in 
output light intensity causes picture elements a2 to be 
different in chromaticity, giving rise to color uneven- 
ness. Accordingly, controlling process of correcting 
color unevenness may be carried out as the following 
manner. First, a picture element 2 is selected equally 
from every micro-region composed of picture elements 
a2, and the thus selected picture elements 2 are mea- 
sured on chromaticity. The measurement is fed back to 
the video signals applied to the three liquid crystal pro- 
jected image display devices forming respective RGB 
colors. By this feed back, the video signals for produc- 
ing the rest unselected picture elements a2 are corrected 
so that the light output may be increased or decreased, 
to thereby eliminate chromaticity difference among 
picture elements a2. 

In the selection of picture elements 2 to be measured, 
horizontal lines 3 arranged at a certain interval and 
vertical lines 4 arranged at a certain interval are formed, 
and picture elements occupying in the intersecting 
points therebetween arranged as lattice points may be 
applied to each pixel electrode 45 so as to change the 60 selected as picture elements 2 to be measured on chro- 



transmittance of liquid crystal to thereby control the 
intensity of light that passes through the liquid crystal. 

In FIG. 6, reference numeral 34 designates an optical 
system composed of lenses and mirrors, etc., and serves 



maticity. The chromaticity meter 36 is constructed such 
that a chromaticity meter element locates at each of the 
thus selected picture elements 2 and measures the chro- 
maticity. Here, a picture element 2 mea sured nn chm.- 



to converge the RGB light on the screen 1. More specif- 65 matititv wi ll be represented hy ^ordinate point m W), 



ically, white light emitted from the light source 32 
passes through the liquid crystal projected image dis- 
playing elemental array 33, in which a number of light 



and each measurement of chromaticitv is stored in asso- 
ciation with its coordinate p nint m, w) j and wilLbe 
used tor caiculatlve operation. 
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Now, description will be made of the correcting and stores the chromaticity data in the above-desig- 

method of the video signals applied to the three liquid nated addresses AD {(U.W)T! 

crystal projected image display devices which form Based on synchronizing signals H, V and clock signal 

respective RGB colors in order to produce the rest CK for the video signals for display, inputted through 

unselected picture elements a2 based on the feed back of 5 respective terminals 19, 20 and 21, a memory address 

the measurement of chromaticity. First of all, from the generating circuit 6 recognizes the coordinates (U, W) 

chromaticity measured for each picture element 2, cor- 0 f a picture element a2 expected next to be reproduced 

rective data at tne poi nt as to each RIjB COlof 15 calcu- as a projected image pixel. 

lated\ Then, corrective data on each RGB color for a Now, consider, as an example, the case where the 

picture element a2 at wnicn no measurement on chro- 10 circuit 6 recognized that a picture element a2g existing 

maticity was maoe is caicuiaiea oy enecting a linear" at a coordinate point (Ug, Wg) shown in FIG. 9 is ex- 

mterpolatmg approximation on me oasis oi corrective pec ted next to be reproduced. In this case, in order to 

clata on each RGB wivi fbT the nearest iour grid points produce the picture element a2g, it is necessary to deter- 

enclosinff the picture elemental " mine correcting si gIia ] s s g , Sb and Sr for correctively 

Next, description will be made on the calculation for 15 modulating original video signals SEg, SEb and SEr to 

determining corrective data on each of G, B and R be app iied to liquid crystal in respective three liquid 

signals at a measured picture element 2 from the chro- crystal pro jected image display elements respectively 

maticity data measured at the picture element 2. serving to display RGB colors In order ^ calculate lhe 

Provided, for example, that a picture : element 2 desig- signals Sg> Sb ^ &> corrective data on neighboring 

nated by the coordinates (U, W) on the screen 1 pres- 20 four picmre dements ^ at ^ Wa)> 2b al ^ ^ ^ 

ents chromaticity measurement data (x, y), corrective at ^ Wc) ^ d ^ at ^ Wd) enclosing a point (Ug, 

? ata <?>' < B> <R> can be uniquely defined Wg) are required, therefore, the memory address gener- 

by the following expressions:- ating circuit 6 gcncrates Besses AD {(Ua, Wa)} ( AD 

<G> -ax+by (1) 25 { ^ ^ ^ Wc > } ^ AD Wd ) } 0n a 

corrective data storing section 28 in which corrective 

<B>=cx+dy (2) data <G>> <B> and <R> for the neighboring four 

picture elements 2a, 2b, 2c and 2d are stored. The thus 

< R > = cx+jy (3) generated addresses are outputted to the corrective data 

3 0 storing section 28. Accordingly, the following relations 

where a, b, c, d, e and f are constants. hold. 

Here, it should be noted that all the corrective data 
<G>, <B> and <R> mentioned above can also be Ua=Uc£Ug*Ub~ud (4) 
determined by a calculating means outside the appara- 
tus. ^ Wb^ *c= Wd (5) 

FIG. 8 shows a block circuit diagram used in a first ^ 
embodiment of the present invention. With reference to Correcting data interpolation processing circuits 10. 
FIG. 8, description will be made in detail on a calcula- 11 u calculate corrective data <G>, <B> and 
tion process of determining three RGB color corrective < R > for P lcture element a2*, respectively by exe- 
data for forming a picture element z2g shown in FIG. 9, 40 cutm S Unear "^dating operation using corrective 
based on the fed back corrective data <G>, <B> and data <G>, <B> and <R> for the four picture ele- 
<R> obtained as above. The thus determined RGB ments 2 enclose the picture element a2g as in the 
color corrective data are used to correct the three video following way and outputs the result to D/A convert- 
signals respectively applied to three liquid crystal pro- ers 13, 14 and 15, respectively. 

jected image display elements respectively serving to 45 As m example, calculations in the liner-interpolating 
display RGB colors to be composed so as to form a process as to corrective data on G-signals will be de- 
picture elements o2g. scribed. A corrective data memory 7 for corrective data 

A corrective data writing circuit 5 picks up chroma- on G-signals holds corrective data <Ga>, <Gb>, 

ticity measurement (x, y) by the chromaticity meter 36 <Gc> and <Gd> for picture elements 2a at (Ua, 

for a pirtiirft rifrnifrnt 2 at the coordinates OJ. W) on the 50 Wa )> 2b at ^ W>)» 20 at CUc, Wc) and 2d at (Ud, Wd) 

screen 1, and calculates corrective data <G>. <B> in addresses AD {(Ua, Wa)}, AD {(Ub, Wb)}, AD 

and <R> based on the formulae <\\. <T\ and (3) to store {(Uc, Wc)} and AD {(Ud, Wd)}, respectively. When 

the result into respective corrective data memories 7. 8 these addresses AD {(Ua, Wa)}, AD {(Ub, Wb)}, AD 

and 9. At the same time, the corrective data writing {(Uc, Wc)} and AD {(Ud, Wd)} are inputted from the 

circuit 5 generates address information AD {(U, W)} 55 memory address generating circuit 6, the memory 7 in 

corresponding to the coordinates (U, W) of the picture turn sends out the corrective data <Ga>, <Gb>, 

element 2 on the screen, to output the address informa- <Gc> and <Gd> to a corrective data interpolation 

tion together with the calculated corrective data processing circuit for G-signals 10. 

<G>, <B> and <R> to the corrective data memo- Since the relations (4) and (5) hold on the screen 1, it 

ries 7, 8 and 9. 60 i$ possible to assume that the picture elements 2b and 2c 

A corrective data storing section 28 is composed of exist at kth places rightward, respectively, from the 

corrective data memories 7, 8 and 9, and receives ad- picture elements 2a and 2c, The picture elements 2c and 

dresses AD {(U. W)} from the corrective data writing 2d are assumed to exist at nth places downward, respec- 

circuit 5, each of which designated an address in corre- tively, from the picture elements 2a and 2b. Further, 

spending corrective data memory 7, 8 or 9. The correc- 65 corrective data on G-signal at each point in FIG. 9 will 

tive data storing section 28 is also fed with the correc- be assumed as follows: — 

tive data on ea ch chromariclry <o >, <b> and, <Ge> : corrective data on G-signal at a picture ele- 

^ > frorti tU c.m^ ^orr^|jy p daia Writing circuit 5 . ment a2e designated by the coordinates (Ue, We) exist- 
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ing at mth place downward from the picture element sively corrected, so that dispersion of chromaticity over 

2a; the entire image may be eliminated. 

< Gf > : corrective data on G-signal at a picture ele- FIG. 10 shows a block circuit diagram for embodying 

ment a2/ designated by the coordinates (Uf, Wf) exist- another embodiment of the present invention. In this 

ing at mth place downward from the picture element 5 figure, y -correction circuits 55r, SSg and SSb are all 

2b\ and identical (therefore, will be generally referred to as 

<Gg>: corrective data on G-signal at the picture "<y-correction circuit 55), and analog circuits 56r, S6g 
element a2g designated by the coordinates (Ug, Wg) and 56i> are all composed of an identical analog convert- 
existing at jth place rightward from the picture element mg circuit 56 shown in FIG. 11. With regard to the flow 

10 of the video signals, the same flow of signals as de- 

In this assumption, <Ge>, <Gf> and <Gg> are ^ in FIGS . X 2 will be allotted with identical 

given as the following expressions:— reference numerals, and the description thereof will be 

<G<>={«Ga>-<Gc»/n}xm+<Ga> (6) 0 ^?^' *<»a a m> u 1 +: c *• i 

FIGS. 12A and 12B show relations of opUcal ar- 
<Gf>={«Gb>-<Gd»/n}xm+<Gd> (7) 15 rangement of elements employed in the embodiment 

Since each of the elements has the same function as in 
<Gg>={(<Gf> -<Ge»/k}xj+<Ge> (8) FIG. 6, the description will be omitted by allotting the 

same reference numerals. As shown in the figures, there 
Here, the following relations hold: — can be considered two kinds of optical arrangements. A 

20 case shown in FIG. 12 A is arranged such that the image 
Ua=Uc=Uc, Ub=Ud=Uf ; having passed through the transparent screen 1 is sensed 

Cfc+y=Cfe Ua+k=Ub- ^ v ^ e cm "omaticity meter 36 or the user from an ob- 

serving position 35. Another case shown in FIG. 12B is 
Wa=Wb, Wc=wa, We=wf=Wg; and 25 arranged such that the image formed on the screen 1 by 

means of the optical system 34 is sensed by the chroma- 
ffin Wc+n- Wt+m. ticity meter 36 or the user from an observing position 

35. 

The corrective data interpolation processing circuit Referring to FIGS. 10 and 11, description of the 
for G-signals 10, based on the formulae (6), (7) and (8) procedures for adjusting chromaticity for white will be 
calculates corrective data <Ge>, <Gf> and <Gg> 30 ma de. Waveforms of video signals appearing herein are 
for G-signals for correcting chromaticity values of the shown m prQS. 13A, 13B, 13C and 13F. Input signal S8 
picture elements a2e, a2/and a2g present, respectively, in ^ logical circuit 62 and output digital video signal 
at points (Ue, We), (Uf, Wr) and (Ug, Wg), to output the ^ DOf D1 D2 m graphed in FIGS. 4A to 4C. A 
result to the D/A converter 13. For the picture ele- micro-computer 51 outputs a control signal S3 to a 
ments 2 at which the measurement of chromaticity has 35 m micnw50m p IIler 52> whic h, in turn, based on the 
been effected there is no need for calculating corrective 53 rcceivcd frQm ^ nj^^^ 51> 

data <G> by the linear mterpolation. Therefore, the ^ a $6 represented by a wave f 0 rm shown in 

corrective data stored in the corrective data storing nG ^ tQ ^ cifcuit 62 switchcs §W1 gW2 

section 28 can be used as it is. ^ 0 

Correcting date <B> and <R> for B-signals and « y ^ orrection converting table (not shown) on the 
R-signals can be calculated using the same linear inter- ' ^ - A ce - 0 j r „ j 

. °. 0 y -correcting circuit 55 is composed or random access 

P ° * a t£ P roccss * memories (to be referred to 'RAM* hereinafter) so as to 

AD/A converting section 30 is composed of D/A f „. A ^ . M . ' 

conv erters 13, 14 and 15. which receive co^eXelata "T? > P 1 i h ™ 

<U>, <U> and <R> aUhe pictur Llemente 2^id 45 ^Jm* ; aUows the ^ da * ' 

b2 as digital data, convert them into correcting signal s " ' * ' • ■ t0 be f et mdlCatC *™ °7 

S». £h Li Sr h7vin g analog values, send the result to" a constant data v ^ e OW ? m ? ' 

amplifiers 16, 17 and 18, respectively . less °f the jnagmtude of the digital video signal S8 in- 

In a correctively modulating sectoi 31. the amplifier P utted ^ ^ m the 8»P h m ™- 4A * ms structure 

16 receiv es an origin al video signal SEg to be applied to 50 eliminates the necessity of providing a particular, sepa- 

t he liquid crystal projected image display device tor rate generator. Of course, equivalent structures 

displaying G^color through a terminal 22. In the same J ma V oe allowed by providing other means, for example, 

manner, the amplifier IV receives art original vide o ^ ^& a generator capable of controlling the 

signal SEb to be applied to tne uquia crystal projected system. 

I mage dis play device for displaying B-color througn"~a 55 Here, a D/A converter 60 varies the full-scale volt- 

terrninal 23, and the amplifier 18 receiv es an ori ginal a S e VFS on the basis of a bias voltage inputted through 

video signal SET to be applied lu the liquid ciy stal pro-" 311 m PUt terminal VREF as a reference voltage, and 

jected image displ ay device tor displaying R-COloi — outputs a signal S10 having the full-scale voltage VFS 

t hrough a terminal 24. These signals are correctively* as a level thereof in accordance with the instruction of 

modulated in amplitude through amplification in accor- 6 0 a control signal S7 inputted at input terminal CTRL 

dance with correcting signals Sg, Sb and Sr supplied^ from the system microcomputer 52. The thus formed 

from the D/A converting sec tion 30, a nd the resultant output signal S10 is sent to a terminal V of a switch 

video signals SLg, SLb and SLr are outputted from SW1. In the similar manner, a D/A converter 61 varies 

terminals 25, Z6 and 27 to be applied to respective liquid the offset voltage VOF on the basis of a bias voltage 

crystal elements ol the lldUid twstal projected disp lay 65 inputted through an input terminal VREF as a refer- 

devices forming GBR colo rs. ence voltage, and outputs a signal S15 having the offset 

As described heretofore, chromaticity of picture ele- voltage VOF as a level thereof in accordance with the 

ments for reproducing the projected image is succes- instruction of the control signal S7 inputted at an input 
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terminal CTRL from the system micro-computer 52. outputs the control signal S3 for controlling procedures 
The output signal S15 is sent to terminal *a' of a switch for producing gradation, and based on the control signal 

SW2 and terminal 'b' of a switch SW3. S3 the system micro-computer 52 outputs control sig- 

In this while, the D/A converter 59 which receives nals S7 to the analog converting circuit 56. The analog 

the digital video signal S8 and the control signal S6 as 5 converting circuit 56, based on the control signal S7, 

well as accepts the signal S10 having a waveform kept varies the video signal S14 representing the applied 

always at the full-scale voltage VFS via an input termi- voltage to the liquid crystal within a range of from 

nal VREF for reference voltage, outputs a video signal yWl to VW3 so that the transmittance of the liquid 

S9 having a waveform shown in FIG. 13C that is com- crystal may be optimal between TWl and TW3. The 

posed of the sum of waveforms shown in FIG. 13A and 10 ^us gdfiCtcd optimal value is outputted . ^ is 

FIG. 13B toward a (+ ^terminal of an amplifier AMP L effected in the same manner for each of three RGB 

Accordingly , the analog converter 56 will output an independently, so as to select a condition 

video signal S14 having a waveform shown m FIG. 13F whcrcin ^ ^ ^ colors t ^ best contrast 

or a pulsing waveform having amplitude equal to the ^^ation 

offset voltage VOF with a reference voltage of OV, 15 tJS - e - , A . , , x , 7 . , - ^, 

jt f A ,„ t i* .fee FIG. 15 is a chroraaticity chart. With reference to the 

regardless of the full-scale voltage VFS. r , * «■ * t_ . . A 

In controlling the offset voltage VOF, which deter- P^dure^ to effect chromaticity adjustment 
mines the amplitude of the video signal S14, the system ™£ ex P la ^; First of * r f ' chromaticity point 
mi CT o-computer 52, receiving the control signal S3 defining white is assumed to be designated by the 
outputted from the micro-computer 51 and based on 20 f ordmates (Xtypl, Ytypl) on the chromaticity chart 
this signal, outputs the control signal S7 to a CTRL chromaticity meter 58 measures the chromaticity of 
terminal of the D/A converter 61 present in each ana- unadjusted light output RAY and outputs the measure- 
log converters 56 so as to vary the magnitude of the ment asadata S2 to the micro-computer 51. The 
offset voltage VOFoutputted from a VOUT of the D/A ^ obtained chromaticity will be assumed to be desig- 
converter 61. Meanwhile, as the control signal S7 is also 25 nated by (X, Y) on the chromaticity chart. This point 
supplied to a CTRL terminal of the D/A converter 60, Y) must belon g to one of regions 1), 2) and 3). 
the system must be designed so as to vary only the In order t0 de ^ with any possible chromaticity mea- 
output offset voltage VOFfrom the D/A converter 61 sured > a series o f processing procedures is to have been 
without varying the full-scale voltage V5 outputted determined in advance for each region, and the soft- 
from the VOUT terminal of the D/A converter 60. 30 ware for controlling the operation is to have been pro- 
Such controlling method is disclosed, for example, in grammed in the micro-computer 51. 
IEEE-STD-488. If the measured chromaticity point (X, Y) lies in the 

FIG. 14 is a plot showing a relation between applied region 1), this status is recognized by the micro-com- 

voltage to liquid crystal and transmittance thereof for puter 51 as the following expression: — 

adjusting chromaticity of white. In the figure, the axis 35 

of abscissa represents applied voltage and the axis of . x^xtypi,and Ytypl (9) 
ordinate represents transmittance of liquid crystal. Spe- 
cifically, when the applied voltages are at VW0, VW1, If the measured chromaticity point (X, Y) lies in the 
VW2, VW3, VB3, VB2, VB1 and VB0, the transmit- region 2), this status is recognized by the micro-com- 
tance will become TWO, TWl, TW2, TW3, TB3, TB2, 40 puter 51 as the following expression:— 
TBI and TB0, respectively. 

As the offset voltage VOF which is equal to the X < Xtypl, and Y£X (10) 
amplitude of the video signal S14 applied to the liquid 

crystal is controlled to be as low as VW3 by operating Alternatively, if the measured chromaticity point (X, 
the analog converting circuit 56, the transmittance of 45 ues ^ e region 3), this status is recognized by the 
the liquid crystal becomes enough high to present in- micro-computer 51 as the following expression: — 
creased light output RAY from the liquid crystal dis- 
play device/optical converting section 57. In contrast, X>Y * md Y < Yt VP 1 < n > 
as understood from FIG. 14, when the applied voltage 

takes a value around VW3, the transmittance varies 50 FIGK 16A ls a uble showing controlling procedures 

considerably largely with variation of the applied volt- t0 be P reset and corresponding colors to be controlled 

age, so that gradation is hard to produce, and therefore, for respective regions on the chromaticity chart when 

error arising in quantization of transmittance of liquid the chromaticity for "white" is to be adjusted, 

crystal tends to become large as the transmittance is ^ an example, if a point- (X, Y) satisfying the condi- 

adjusted by the y-correction. 55 tion ( 9 ) is recognized by the micro-computer 51, the 

On the other hand, if a little bit higher voltage is step 1 in the row for the region 1) in FIG. 16A teaches 

applied so that the offset voltage VOF may be equal to to perform adjustment of G-color. Therefore, in order 

VWO, as understood from FIG. 14, variation in trans- to bring Y (^Ytypl) close to Ytypl, G-component in 

mittance with the change of applied -voltage is small in "ght output RAY must be reduced, or the applied volt- 

the vicinity of the voltage VWO, so that gradation is 60 age to the liquid crystal is to be taken large so as to 

easy to produce, but the light output RAY by the liquid increase the amplitude of the video signal S14. To 

crystal display device/optical converting section 57 is achieve this, the micro-computer 51 sends for the sys- 

too small, resulting in poor contrast. tern micro-computer 52 a signal S3 so as to increase the 

The adjustment to an optimal voltage which allows offset voltage VOF in the analog converting circuit S6g 

easiness of producing gradation and proper brightness 65. for G-component to thereby increase the amplitude just 

and contrast has been carried out empirically, but this mentioned. The system micro-computer 52, having 

embodiment leaves the adjustment to the micro-com- received the signal S3, sends out for the analog convert- 

puter 51. More specifically, the micro-computer 51 ing circuit 56g the signal S7 to thereby increase the 
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offset voltage VOF to be outputted as an output voltage full-scale voltage VFS outputted from a VOUT of the 

VOUT of the D/A converter 61 simultaneously. D/A converter 60. Meanwhile, as the control signal S7 

By the control operation described above, as G-com- is also supplied to the CTRL terminal of the D/A con- 

ponent of the light output RAY becomes small, the verter 61, the system is designed so as to vary only the 

chromaticity meter 58 detects that the Y-coordinate of 5 output full-scale voltage VFS from the D/A converter 

the chromaticity reduces. The micro-computer 51 rec- 60 without varying the offset voltage VOF outputted 

ognizes this information through the output signal S2. from the VOUT terminal of the D/A converter 61. 

The above series of procedures will be repeated until Subsequently, chromaticity adjustment to black will 

Y-value of the chromaticity measurement agrees with be described with reference to FIG. 14 which graphs 

Ytypl of the point (Xtypl, Ytypl) defined as "white". 10 th c relation between applied voltage to liquid crystal 

Next, referring again to FIG. 16A, the step 2 in the and transmittance thereof for adjusting chromaticity. 

row for the region 1) specifies to execute adjustment of As the sum of the offset voltage VOF and the full- 

R-color. Therefore, in order to bring X (^Xtypl) close sca i e voltage VFS which is the amplitude of the video 

to Xtypl, R-component in the light output RAY must signal Sl 4 to ^ app ued to liquid crystal is controlled to 

be reduced, or the applied voltage to liquid crystal is to 15 be as high as VB3, the transmittance of liquid crystal 

be taken large. To achieve this, the micro-computer 51 becomes enough low to present reduced light output 

sends for the system micro-computer 52 the signal S3 so ray from the liquid crystal display device/optical 

as to increase the offset voltage VOF m the analog conve rting section 57. In contrast, as understood from 

converting circuit 56r for R-component Then, the same pIG. 14, when the applied voltage takes a value around 

control sequence as executed above for G-component 20 VB3 ^ transmittance varies considerably largely with 

of the light output RAY is to be made, and the series of v ^ Qn q{ ^ Ued vol w ^ ^ fc 

procedures will be repeated until X-value of the chro- hajd to ^ ^ ^eforz, error arising in quanti- 

matotym^ with Xtypl of the point ^ oftransmittance of u ^ crystal ^ to become 

(Xtypl, Ytypl) defined as <white , ^ ^ transmittance is adjusted by the y-correc- 

If the intermediately modified point reaches other 25 ^ J 7 1 

chromaticity ^repon in the way of the con^ ^ 

v£^ "for tLTeriof ^ Pr ° CedUreS applied so that the sum of the offset voltage VOF and 
^^rrmg'to FIGS. 10 andV description of the the M-scale voltage : VFS may be equal to VWO, as 
procedures for adjusting chromaticity for black will be 30 ^rstood from FIG 14, variation in transmittance 
made. Waveforms of video signals appearing herein are ^ the change of applied voltage is small in the vicuv 
shown in FIGS. 17A, 17B, 17C and 17F. The system ltv of the voltage VBO, so that gradation is easy to 
micro-computer 52, based on the control signal S3 re- produce but the light output RAY by the liquid crystal 
ceived from the micro-computer 51, outputs a signal S6 ^P 1 ^ device/optical converting section 57 is too 
represented by a waveform shown in FIG. 17B to the 35 resulting m poor contrast, 

logical circuit 62, switches SW1, SW2 and SW3. ^ adjustment also is left to the micro-computer 51. 

The y-correction converting table on the y-correct- More specifically, the analog converting circuit 56, 
ing circuit 55 composed of RAM's allows the digital based on the control signal S7, varies the video signal 
video signal data DO, Dl, D2, ... to be set up to indicate S14 representing the applied voltage to the liquid crys- 
a waveform having a constant data value OOH shown 40 tal within a range of from VB1 to VB3 so that the trans- 
in FIG. 17B, regardless of the magnitude of the digital mittance of the liquid crystal may be optimal between 
video signal S8 inputted as shown in the graph in FIG. TB1 TB3 The thus selected optimal value is out- 
4B. putted. This control is effected in the same manner for 

The D/A converter 59 which receives the digital each of three RGB colors, independently, so as to select 
video signal S8 and the control signal S6 as well as 45 a condition wherein all the three colors present the best 
accepts the signal S10 having a waveform kept always contrast and gradation. 

at the full-scale voltage VFS via an input terminal Next, FIG. 18 shows a chromaticity chart. With ref- 
VREF for reference voltage, outputs a video signal S9 erence to the figure, procedures to effect chromaticity 
having a waveform shown in FIG. 17C that is com- adjustment will be explained. First of all a target chro- 
posed of the sum of waveforms shown in FIG. 17A and 50 maticity point defining "black" is assumed to be desig- 
FIG. 17B toward the (+)terminal of the amplifier AMP nated by the coordinates (Xtyp2, Ytyp2) on the chro- 
1. Accordingly, the video signal S14 which the analog maticity chart The chromaticity meter 58 measures the 
converter 56 outputs has a waveform shown in FIG. chromaticity of unadjusted light output RAY and out- 
17F or a pulsing waveform having amplitude equal to puts the measurement as a data signal S2 to the micro- 
the sum of the offset voltage VOF and the full-scale 55 computer 51. The thus obtained chromaticity will be 
voltage VFS with a reference voltage of OV. Since the assumed to be designated by (X, Y) on the chromaticity 
offset voltage VOF has been already determined when chart This point (X, Y) must belong to any one of 
the chromaticity for white was adjusted, it cannot be regions 4), 5) and 6). In order to deal with any possible 
varied. Therefore, the amplitude of the video signal chromaticity measured, a series of processing proce- 
SM, or the sum of VOF, which is designated a bias 60 dures is to have been determined in advance for each 
voltage, and VFS depends on the full-scale voltage region, and the software for controlling the operation is 
VFS. to have been programmed in the micro-computer 51. 

In controlling the full-scale voltage VFS, the system if the measured chromaticity point (X, Y) lies in the 
micro-computer 52, receiving the control signal S3 region 4), this status is recognized by the micro-com- 
outputted from the micro-computer 51 and based on 65 puter 51 as the following expression:— 
this signal, outputs the control signal S7 to the CTRL 

terminal of the D/A converter 60 present in each ana- X^XiypZ, and Y5Ytyp2 (12) 

log converters 56 so as to vary the magnitude of the 
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If the measured chromaticity point (X, Y) lies in the so as to store the data therein. Hereinafter, the thus 
region 5), this status is recognized by the micro-corn- stored voltage values will be maintained without van- 
puter 51 as the following expression: — ishing, and will be read out as required as a data signal 



XSY, and YSYtyp2 (13) 5 



S4 to reproduce optimal offset voltages VOF and full- 
scale voltages VFS. 



Alternatively, if the measured chromaticity point (X, f ™ e tnmnnmon o "the control s.gnal S3 from the 51 

Y) lies in the region 6), this status is recognized by the » 52 .«? be effected * not o^V.^ed means but also 

microcomputer 51 as the following expression:- w J reless means such 45 ^ tnfrared earner wave 

signals, etc. 

X^Y, and Y^Xtyp2 (14) 10 Since a typical projecting apparatus includes a 52 as 

standard equipment, it is sufficient to manipulate the 

FIG. 16B is a table showing controlling procedures software as to the control of the present invention and 

to be preset and corresponding colors to be controlled there is need for particular parts to be built in. 

for respective regions on the chromaticity chart when Further, it is possible to omit the 51 by providing a 52 

the chromaticity for "black" is to be adjusted. that is enough effective to discharge the functions of the 

As an example, if a point (X, Y) satisfying the condi- 51. In this configuration, measurement by the chroma- 

tion (12) is recognized by the micro-computer 51, the ticity meter 58 on chromaticity of the light output RAY 

step 1 in the row for the region 4) in FIG. 16B teaches can be directly accepted by 52, so that it is possible to 

to perform adjustment of G-color. Therefore, in order realize a system at low cost still working more rapidly, 

to bring Y Ytyp2) close to Ytyp2, G<omponent in Although the above description has been made of an 

light output RAY must be increased, or the applied embodiment using liquid crystal devices, this should be 

voltage to the liquid crystal is to be made small so as to ta ken ^ a mere example, and the present invention can 

reduce the amplitude of the video signal S14. To be Hed tQ other di j devicgs $uch ^ a CRT in 

achieve this, the microcomputer 51 sends for the sys- lacc of u ^ ^ deyices 

tern microcomputer 52 a signal S3 so as to increase the In accor 4 dance with ^ t inventionj corrective 

offset voltage VOF m the analog converting circuit 56g , . u r+u • * -r i * j v i_ 

for G-com£nent to thereby reduce the amplitude jusl *«* 011 ? ch ? f } he f nmary colors »s formulated by the 

mentioned The system micro-computer 52, having ^ar interpolating technique so that a projected image 

received the signal S3, sends out for the analog convert- ^°duced on the corrective data exhibits little 

ing circuit 56g the signal S7 to thereby reduce the offset 30 chromaticity difference between neighboring picture 

voltage VOF to be outputted as an output voltage elements formed by the display elements. Accordingly, 

VOUT of the D/A converter 61 simultaneously. when ^ e entire corrective data is used to prepare video 

By the control operation described above, as G-com- correcting signals having analog values for each of the 

ponent of the light output RAY becomes large, the primary colors and original video signals having analog 

chromaticity meter 58 detects that the Y-coordinate of 35 values for each of the primary colors are modulated 

the chromaticity increases. The micro-computer 51 based on the obtained video correcting signals, it is 

recognizes this information through the output signal possible to inhibit dispersed distribution on the display 

S2. The above series of procedures will be repeated screen which would be caused by the dispersion of the 

until Y-value of the chromaticity measurement agrees display elements and therefore it is possible to obtain a 

with Ytyp2 of the point (Xtyp2, Ytyp2) defined as 40 projected image free from color unevenness. 

"black". Further, in accordance with the present invention, it 

Next, referring again to FIG. 16B, the step 2 in the is possible to markedly reduce the operations required 

row for the region 4) specifies to execute adjustment of for chromaticity adjustment by the operators and it is 

R-color. Therefore, in order to bring X (^Xtyp2) close possible to assure rapid adjustment of chromaticity, 

to Xtyp2, R-component in the light output RAY must 45 regaxc ilcss of the operator's skill, 

be increased, or the applied voltage to liquid crystal is Since few additional external equipments such as 

to be made small. To achieve this, the micro-computer circuits and connections are needed, the cost hardly 
51 sends for the system micro-computer 52 the signal S3 

so as to reduce the offset voltage VOF In the analog since ^ projected display apparatus reta ins 

converting circuit 56r for R-^mponent Then, the same 50 ^ ^ chromatici adjustcd a{ Ae time of 

control sequence as executed above for G-component fact even if a user misuses the apparatus, there is no 

of the light output RAY is to be made, and the series of . , +u ' , . . . , * •* ■ u* u * c 

procedures will be repeated until X-value of the chro- ? sk the adjuSted chromatici^ might become out of 

maticity measurement agrees with Xty P 2 of the point f * no ; }° recover Therefore, highly increased 

(Xtyp2, Ytyp2) defined as "black". In this connection, if 55 of the apparatus can be established, 

the intermediately modified point reaches other chro- What ,s clauncd ls: 

maticity region in the way of the controlling operation, l - A Projected image displaying apparatus for form- 

the control will be made following the procedures pre- in S ^ bv projecting on a screen three kinds of 

viously set up for the region. lights corresponding to the primary color components 

When the control described above has been accom- 60 of video signals, comprising: 

plished, the 51 send out for the 52 a control signal S3 chromaticity measuring means for measuring chro- 

which indicates that the values of control signals S7 maticity at arbitrary coordinate points on said 

representing respective optimum offset voltage VOF screen; 

and full-scale voltage VFS for each color should be first operating means for calculating first corrective 

stored so as to reproduce these values at any time. The 65 data on each of the primary color components 

52, in accordance with the control signal S3 inputted, uniquely from the chromaticity at the coordinate 

outputs a data signal S5 bearing the information on the points measured by said chromaticity measuring 

values of control signals S7 to a nonvolatile memory 53 means; 
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memory means for storing said first corrective data in 
association with the coordinates of the points at 
which chromaticity has been measured; 

second operating means reading out said first correc- 
tive data in association with a plurality of coordi- 
nate points from said memory means and calculat- 
ing, based on the read-out first corrective data, 
second corrective data used for correctively modu- 
lating video signals to be applied to display ele- 
ments emitting three primary color components in 
order to form picture elements at which no mea- 
surement of chromaticity was made; and 

correctively modulating means, preparing video cor- 
recting signals for three primary color components 
based on said first and second corrective data cal- 
culated by said first and second operating means 
and modulating original video signals with said 
prepared video correcting signals. 

2. A method for correcting color unevenness in a 
projected image displaying apparatus for forming im- 20 
ages by projecting on a screen three kinds of lights 
corresponding to the primary color components of 
video signals, comprising the following five steps of: 

(first step): measuring chromaticity at arbitrary coor- 
dinate points on said screen; 

(second step): calculating first corrective data on 
each of die primary color components uniquely 
from the chromaticity at the coordinate points 
measured in the first step; 

(third step): storing said first corrective data into 
memory means in association with the coordinates 
of the points at which chromaticity has been mea- 
sured; 

(fourth step): reading out said first corrective data in 
association with a plurality of coordinate points 35 
from said memory means and calculating, based on 
the read-out first correctively modulating video 
signals to be applied to display elements emitting 
three primary color components in order to form 
picture elements at which no measurement of chro- 40 
maticity was made; and 

(fifth step): preparing video correcting signals for 
three primary color components based on said first 
and second corrective data calculated in the second 
and fourth steps and modulating original video 45 
signals by said prepared video correcting signals. 

3. A projected image displaying apparatus for form- 
ing images by projecting on a screen three kinds of 
lights corresponding to the primary color components 
of video signals, comprising: 50 

chromaticity measuring means for measuring chro- 
maticity at arbitrary coordinate points on said 
screen; 

first operating means for calculating first corrective 
data on each of the primary color components 55 
uniquely from the chromaticity at the coordinate 
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points measured by said chromaticity measuring 
means; 

memory means for storing said first corrective data in 
association with the coordinates of the points at 
which chromaticity has been measured; 

second operating means reading out said first correc- 
tive data in association with a plurality of coordi- 
nate points from said memory means and calculat- 
ing, based on the read-out first corrective data, 
second corrective data used for correctively modu- 
lating video signals to be applied to display ele- 
ments emitting three primary color components in 
order to form picture elements at which no mea- 
surement of chromaticity was made; 

correctively modulating means, preparing video cor- 
recting signals for three primary color components 
based on said first and second corrective data cal- 
culated by first and second operating means and 
modulating original video signals with said pre- 
pared video correcting signals; and 

voltage varying means for changing the voltages of 
video signals outputted to said display elements; 

controlling means outputting control information for 
controlling said voltage varying means; and 

memory means storing the control information out- 
putted from said controlling means. 

4. A projected image displaying apparatus, compris- 
ing: 

a projected image displaying unit which comprises: 
voltage varying means for changing the voltages and 

of video signals outputted to display elements; 
first controlling means outputting first control infor- 
mation for controlling said voltage varying means; 
and 

memory means storing the first control information 
outputted from said first controlling means, and 
a chromaticity adjusting system which comprises: 

chromaticity measuring means for measuring chro- 
maticity of light output emitted by said projected 
image displaying unit; and 

second controlling means outputting second control- 
ling signals instructing said first controlling means 
to output first control information for controlling 
said voltage varying means, based on the measure- 
ment of chromaticity outputted from said chroma- 
ticity measuring means. 

5. The projected image display apparatus according 
to claim 3, wherein the voltage varying means sepa- 
rately changes the amplitude voltages of the video sig- 
nals and bias voltages. 

6. The projected image display apparatus according 
to claim 4, wherein the voltage varying means sepa- 
rately changes the amplitude voltages of the video sig- 
nals and bias voltages. 
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